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SUMMARY 
1. Applications of limestone up to three tons per acre in-
creased the total number of soil bacteria which develop 
on "modifieil synthetic" agar plates. 
2. These increases probably occurred in species more re-
sistant to drought. 
3. ,The three ton application gave a proportionately greater 
increase in numbers than the two tons. 
4. Application of limestone up to three tons per acre in-
creased the ammonlfying, the nitrifying, anil the nitro-
gen fixing powers of the floil. 
5. The ammonification of dried blooil anil cottonseeil meal 
did not run parallel in tests of field soils subjected to 
continued ilrought. 
6. The three ton applications of lime gave proportionately 
greater increases in the ammonifying, nitrifying, and 
nitrogen fixing powers of the soil than the two tons. 
7. Continued drought reiluced the nitrifying power of the 
soil, less reiluction occurring in the limeil than in the 
unlimeil soils. 
8. Continued drought followed by wet weather led to in-
creased nitrogen fixing power. 
9. Notwithstanding extreme, irregular moisture anil cli-
matic conditions, applications of lime up to three tons 
per acre increased the crop yield of corn. 
10. Increaseil bacterial activities as indicated by the meth-
oils employeil were accompanieil by increased crop pro-. 
duction. 
BACTERIOLOGICAL STUDIES OF 
FIELD SOILS. I. 
BY PERCY EDGAR BROWN. 
INTRODUCTION. 
Soil fertility has been nefined as the" crop producing power 
of a soil under given climatic conditions," ann it is now gen-
erally recognized that this crop producing power of any soil 
depenns on three factors: i. e. the chemical, the physical, and 
the bacteriological character of the soil. 
'l'he chemical and the physical composition of a soil may bc 
determined with a fair negree of accuracy by the methons 
which are at present available, but without some knowledge of 
the bacterial conditions such determinations are of practically 
no value in ascertaining the fertility of the soil, for it is through 
the agency of microorganisms that the insoluble, unavailable 
plant foon is transformen to forms readily available ·for plant 
nourishment. -
It is the aim, therefore, of all soil bacteriological investiga-
tions to determine the extent and character of the bacterial 
activities in the particular soil studien and, by correlating such 
results with the results of chemical and physical analyses, to 
throw some light on the crop producing power of the soil. 
It is not the intention of the writer to niscuss here the history 
of soil bacteriology, to tell of the nifficulties which have been 
encountered in the past and partially overcome, nor to dwell 
upon the limitations which the unsatisfactory methods at pres-
ent available put upon the interpretation of all results, for these 
are fully discussed in other publications. 
The purpose with which this series of experiments was begun 
was to netermine the effects of nifferent treatments on certain 
bacterial activities in soils under field connitions. Eventually 
it is hoped that it will be possible to ascertain whether there 
can be said to exist any relationship between these bacterial 
activities and the crop producing power or fertility of the soil. 
The various plots now in experiments unner the nirection of 
the agronomy section offer unexcelled opportunity for the 
prosecution of this work and will be freely used in the future. 
These plots are managed with the greatest possible care with 
respect to application of materials, preparation of seed beds, 
seening, cultivation, harvesting, etc. While they are thus pro-
tecten against many nifficulties which would be encountered in 
ordinary field experiments, these plots present typical field 
connitions under control. 
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The method employecl in the work of testing certain bacteri-
ological activities in the soil was that known as the" beaker" 
method. This was used because it is the best method which 
has yet been devisecl for this purpose. It is clearly recog'nized, 
however, that there are certain obj ections to it which it is 
hoped may be overcome in the future ancl it is unclerstood, also, 
that there are distinct limitations to its usefulness. In other 
words, while the beaker method is absolutely inapplicable to 
certain problems it seems to be well aclaptecl to others. It is 
the purpose of tlie writer to discuss fully in a future publica-
tion the objections to, and the limitations and the value of the 
method, so further space will not be devoted to it here. 
It should be stated here also that owing to the character of 
field conditions, it is clearly understood that changes in bac-
terial activities apparently procluced by special treatment may 
be clue to other circumstances connectecl with the particular 
work and too great care can not be observed in interpreting 
results. If the effects of special treatments predominate any 
local peculiarities which may be observed, then conclusions are, 
of course, permissible. 
All these things shoul(l be kept continually in mincl and great 
care observed in avoiding too great generalization in inter-
preting the results. While, therefore, any conclusions which 
are drawn from these investigations need not be applicable to 
any other soil and climatic conditions, it is deemecl that they 
are of sufficient interest to warrant the attention which has been 
accorclecl the ·work. It remains for further study under dif-
ferent conditions to show the local or general application of 
the results, and it is hopecl that apart from cletermining the 
effect of certain treatments on bacterial activities in fielcl soils , 
some relations between such activities and crop production may 
be established. 
.1. 
1. THE EFFECTS OF LIME. 
The fourfolcl action of lime on soil has been discussed in a 
previous publication1 and a resume of the work which has been 
done in tile past alon g this line may also be found in the bulle-
tin mentioned so that neither of these neecl be inclucled here. 
Suffice it to say that in most cases lime has been shown to exert 
a remarkable influence on the activities of bacteria in the soil. 
The work of the writer, alreacly citecl, which was carried out 
under greenhouse conditions, showed very clearly the beneficial 
action of lime on certain groups of bacteria in a typical Wis-
consin drift soil. While the value of greenhouse experiments 
'Research Bulletin 2. Iowa Experiment Station. 
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is undoubtedly great, it can be reanily understood that because 
the conditions of such experiments are so artificial, the results 
obtained are merely innicative of what may occur unner field 
conditions anel neen confirmatory evidence. It was decided, 
therefore, to supply such confirmatory evidence of the action 
of lime on a typical Iowa soil by carrying out, under fielii con-
ditions, an experiment similar to that conducted in the green-
house and to netermine whether similar results wouln be ob-
tained. 
THE PLOTS EMPLOYED. 
Three one-twentieth acre plots, located on a tract of land 
which is being used for experimental purposes under the nirec-
bon of this section, were employen in this work. The soil is a 
typical Wisconsin drift and is classen by the Bureau .of Soils 
as Marshall loam. 
'rhe plots are not level, the check plot (510) being lower 
than the others and gradually sloping through 509 to plot 508. 
This is one of the difficulties which is often encountered in plot 
work ann must be kept in minn in interpreting results. It will 
be noted later that the effect of this irregularity in the plots 
may be seen in the moisture determinations which are always 
higher in the check plot than in the other two plots. During 
a dry season such as that during which this experiment was 
connucted, slight differences in moisture content might reanily 
cause (lifferences in crop production and in bacterial activities. 
Furthermore, where plots are not level there is always the 
danger of the drainage ,and the washings from one plot con-
taminating the others. In this experiment this contamination 
was probably of some moment, for unfortunately the check plot 
was the lowest and the nifferences which were obtainecl between 
the results of the various plots were probably smaller than they 
would have been had the plots been more uniform. 
Other differences in the plots discoveren in the history of 
their treatment should be noted here ann kept in mind through-
out the study of the results. Previous to 1908 all the plots han 
been in a regular four year rotation without treatment. In 
1908, plot 508 received 225 lbs. of hydrate of lime and plot 509, 
by mistake, receiven ,an application of 260 lbs. of rock phos-
phate, plot 510, however, remainen untreated. In] 909 all the 
plots were planted to oats and in 1910 to clover. The clover 
crop faileil and was plowed under ann cowpeas were planted, 
a crop being cut and removen without the weight being ob-
tained. The application of lime to 508 in 1908 and of the rock 
phosphate to 509 complicate the conclusions somewh'at, but the 
effects of the limestone applied in this experiment were not 
obliterated by the effects of the previous treatment, which 
fact is of consinerable importance in itself. 
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The treatment of the plots in 1911 was as follows: 
Plot 510-Check. 
Plot 509-Two tons ' ground limestone per acre. 
Plot 508---Three tons grounnlimestone per acre. 
,The limestone was applied on May 8 and thoroughly diskecl 
in and on May 10 the plots were planted to corn and were cul-
tivatecl in the usual manner, care being exercisen to prevent 
the transference of soil from one plot to another. The corn 
was husked and the yield of grain per acre was obtained and 
the results obtainecl in this way will be given later and com-
paren with the results of the bacteriological tests. 
The bacteriological examination of the soils includen quan-
titative determinations of the total numbers of organisms 
present at each sampling, as determined by counting by the 
"moclified synthetic" agar plate method, and involved also de-
terminations of the ammonifying, nitrifying, and nitrogen 
fixing powers of the soils as tested by the beaker method. 
METHOD OF SAMPLING. 
The samples were drawn with all precautions to avoid con-
tamination. The sur:flace 2 to 3 in. of soil were removen by 
means of a sterile trowel from an area about 20 inches square, 
the soil in that area was thoroughly stirrecl and mixen to a 
depth of 4 to 6 inches, and the samples were drawn and taken 
to the laboratory in sterile glass jars. The inoculations were 
then performen as quickly as possible. Four samplings were 
mane, one in June, one in July, one in September, ancl one in 
October, and care was taken that each sample should be ob-
tained from a different part of the plot. While local differ- ' 
ences in the soil from plots may cause bacterial determinations 
to be rather unsatisfactory, it was cleemecl that if the same 
differences became apparent at several samplings from plots 
differently treated, the assumption would be justifiable that 
the local differences in the separate plots han been largely 
eliminated by the methons employecl or at least had been oblit-
erated by the action of the special treatment under considera-
tion. As will be seen later this was actually the case and the 
effects of the lime were pronounced at each sampling, being 
sufficient to overcome any local clifferences in the plots which 
might have renrlered the samples unrepresentative. 
THE QUANTITATIVE DETERMINATIONS. 
The results of the quantitative determinations will be found 
in Table I and the moisture cleterminations are given in Table 
II. As h'as been stated already, the" monifiecl synthetic" agar 
proposed by Lipman 'and Brown was the medium used because 
it permits of the development of the largest number of organ-
195 
isms of any medium yet aevised. ,The plates were maae by the 
usual dilution method, quantities of ailutions corresponding 
to one-twenty thousanath, ana to one-two hundred thousandth 
of a gram of soil being p}ated. 
Duplicate plates were prepared and the results are the aver-
age of the counts which were made at the ena of three days' 
incubation at 20 aegrees C. 
June 21 the check plot showed the presence of 4,500,000 bac-
teria per gram of air-dry soil while plot 509 receiving the two 
ton application of limestone showea 4,740,000 bacteria, and 508 
receiving the three ton 'amount showed 4,939,000 bacteria. 
It might seem here that the effect of the limestone was al-
ready being felt and was the cause of the increase, but we must 
remember that plot 508 received an 'application of hyarate of 
lime in 1908 ana possibly the effect of that application was still 
being felt. Furthermore, plot 509 received rock phosphate in 
1908 and it is possible that enough of that material, which is 
slowly available, still remainea to stimulate bacterral activity. 
Plot No. 
510 
509 
508 
TABLE I. 
QUANTITATIVE DETERMINATIONS. 
(Bacteria per gram of air dry soil.) 
June 21. July 6. Sept. 14. Oct. 24. 
I II III IV 
4,500,000 4,400,000 3,850,000 2,621,000 
4,740,000 4,570,000 4,919,000 3,108,000 
4,939,000 5,146,000 5,937,000 3,795,000 
The effect of these materials suppliea in 1908 would, how-
€ver , probably be insufficient to offset the differences in the 
moisture content in the plots. Plot 510 contained 20.00 per 
cent, plot 509, 19.00 per cent, and plot 508, 17.00 per cent of 
moisture. 
TABLE n. 
MOISTURE IN SAMPLES. 
' Plot No. June 21. July 6 Sept. 14. Oct. 24. 
I II III IV 
510 20.00 per cent 15.00 20.00 18.75 
509 19.00 per cent 12.50 19.50 17.00 
508 17.00 per cent 11.00 19.50 17.00 
We would naturally expect, therefore, that the check plot 
would contain more bacteria than the others, owing to its 
greater moisture content, for we know that up to a certain 
point increasing the moisture content of a soil increases the 
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number of organisms present. It seems evielent that the dif-
ferences between the numbers of bacteria in the different plots, 
though small, were due primarily to the applications of lime-
stone anel were probably smaller than would have been the case 
hael the moisture conditions been more uniform. 
July 6, the check soil contained 4,400,000 organisms, 509, 
-4,570,000 and 508,-5,146,000 bacteria per gram of air dry soil. 
'rlle effects of the applications of limestone were more pro-
nounced here than at the first sampling, and examining the 
moisture table we finel15 per cent, 12.5 per cent and 11 per cent 
of water present in the three s'oils respectively. Ag'ain it is 
evident that the increase due to lime overcame the differences 
in moisture cOl1ditions which were such that they wou.ld tenel 
to obscure the effect of the treatment. 
At the third sampling, in September, however, the greatest 
clifferences were found,·-3,850,000, 4,919,000, anel 5,937,000 bac-
teria per gram of air dry soil being recorded. It is certain here 
therefore that the limestone increased the numbers of organ-
isms developing on the agar plates. The Elifferences while 
apparently greater than 'at preceeling dates may be in large 
measure due to more uniform moisture conditions. 
October 24, the counts recorded were respectively, 2,621,000, 
3,108,000,anel 3,795,000 bacteria per gram of air dry soil. The 
(lifferences found at this elate were smaller than those in Sep-
tember but nevertheless they were quite definite. 'rhe moisture 
conditions at this date were somewhat more variable, 18.75 per 
cent, 17.00 per cent, and 17.00 per cent being the amounts re-
corded. Here again the differences in moisture probably 
largely obliterate(l the effects of the limestone. 
LIMING INCREASES BACTERIAL COUNT. 
Considering the results in their entirety, we find some inter-
esting facts brought out. While there was considerably less 
moisture present in the soils at the second date of sampling 
than at the first, the number of organisms found in plots 510 anel 
509 were only slightly smaller while the number found in 508 
were actually greater. It woulcl seem therefore that the in-
crease in numbers occasioned by the limestone was so great 
that even the bjg depression in moisture conelitions was insuffi-
cient to reduce the differences. July and August were very hot, 
dry months in 1911 anel during that time the moisture coutent 
of the soil undoubtedly went very low and the number of 
organisms probably decreaseel consielerably. The drought was 
broken, however, before September 14, the thirel date of samp-
ling, anel we find that although the moisture content of the 
soils was much gr8'uter than in July, the numbers found in the 
check soil were less. Evidently here the bacterial species had 
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not recovered from the setback occasionerl by the dry weather. 
In the other two plots, however, the numbers were greater than 
in July and one of the two possibilities which present them-
selves, may be accepted. Either the species which were favored 
by lime recovered more quickly from the effects of the rlrought 
or else they were not restricterl so much in their development 
and as soon as favorable moisture conrlitions were reestablished, 
they began a vigorous multiplication. ,This latter idea seems 
the more plausible for it is perfectly possible that the lime in-
creased the number of organisms of hardier, spore-prorlucing 
species and consequently they would be less affected by the 
continued rlry weather. 
Unfortunntely no determinations were made rluring the 
drought, .for if such rleterminations had shown much smaller 
numbers in the check plots while the numbers in the treatecl 
plots remainerl about the same, it would have been goorl evi-
dence of this point. From September to October the numbers 
diminished in every case, the differences remaining almost as 
great as in September. The moisture content of the soils was 
less but the decrease was greater than woulrl be expected from 
that cause alone, anrl he're probably the lower temperature at 
the time of the October sampling would account for the lower 
numbers for it hlas been shown in previous work that the num-
bers of organisms in the soil diminish in the fall, with the 
temperature. This lowering of the temperature seemed to af-
fect not only the normal species of the soil. but also the species 
favmerl by the lime for the differences relative to the total 
numbers were about the same as at the preceding rlate. 
A comparison of the effe ts of the two and three ton applica-
tions of lime seems to show that the three tons gave in every 
case proportionately greater increases in numbers than the two 
tons, but it must be remembererl in this connection that the 
plot receiving the three ton application was the one that re-
ceiverl the hydrate of lime in ] 908 anrl probably the effects of 
that material were still of some importance in the soil. However 
this may be, the assumption seems warranted that the three 
tons of lime gave much greater increases in numbers of bac-
teria than the two ton amount. 
CONCLUSIONS FROM QUANTITATIVE DETERMINATIONS. 
The conclusions which may be rlrawn from these quantita-
tive rleterminations are: 
1. Applications of limestone up to three tons per acre in-
creased the total number of soil bacteria which rle-
veloped on "modified synthetic" agar plates. 
2. The increase in numbers probably 'occurred in species 
which are more resistant to rlrought. 
198 
3. 'L'he three ton application gave proportionately greater 
increases in numbers than the two tons. 
THE AMMONIFICATION EXPERIMENTS. 
The results of the ammonification tests may be found in Tables 
III, IV, V, and VI. The "beaker" method which, as has been 
noten., was employed here, has been previously described and a 
detailen. n.escription is not needed. Suffice it to say that air 
dry, sieved soil was used as the men.ium, the proper materials 
an.ded and stirred in thoroughly and inoculations performed by 
an.ding 20 c. c. (= 10 gms. soil ) of an infusion prepared from 
the fresh s·amples of soil. 
Proper moisture conn.itions were maintainen. by adn.ing steril·.~ 
water up to the optimum for the soil, the samples were incu-
bated for seven days, the soils transferred to copper flasks , and 
the n.istillation and titration performed in the usual way. Five 
grams of drien. blood (D. B. ) and five grams of cottonseed meal 
(0. S. M. ) were the materials which were employen. in these 
ammonification tests and all the inoculations wer e man.e in 
n.uplicate ann. the conclusions are based on the averages. 
June 21, very slight differences occurred between the am-
monid'ying power of the check soil and that r eceiving the two 
tons of lime, when either the dried blood or the cottonseed meal 
was employed. In the case of the former, 207.17 mgs. N. ann. 
208.12 mgs. N. were found while with the latter 131.26 mgs. N. 
ann. 132.68 mgs. N. were obtained. With the three tons applica-
tion, however, quite a large increase was shown, 214.13 mgs. N. 
being formed with the n.ried bloon. ann. 142.01 mgs. N. with the 
cottonseed meal. These gains in ammonify,ing power occurred 
notwithstanding the lower moisture content of the limed soils. 
TABLE III. 
AMMONIFICATION EXPERIMENTS. (I) JUNE 21. 
Plot No. Lab. No. Addition Ammonia I Average 
mgs. N mgs. N 
510 1 5 gms. D. B. 206.86 
2 5 gms. D. B. 207.49 207.17 
3 5 gms. C. S. M. 131.58 
4 5 gms. C. S. M. 130.94 131.26 
509 5 5 gms. D. B. 207.49 
6 5 gms. D. B. 208.75 208.12 
7 5 gms. C. S. M. 132.84 
8 5 gms. C. S. M. 132.52 132.68 
508 9 5 gms. D. B. 214.45 
10 5 gms. D. B. 213.81 214.13 
11 5 gms. C. S. M. 140.75 
12 5 gms. C. S. M. 143.28 142.01 
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TABLE IV. 
AMMONIFICATION EXPERIMENTS. (II) JULY 6. 
Plot No. I Lab. No. I Addition 
510 301 5 gms. D. B. 
302 5 gms. D. B: 
303 5 gms. C. S. M. 
304 5 gms. C. S. M. 
509 305 5 gms. D. B. 
306 5 gms. D. B. 
307 5 gms. C. S. M. 
308 5 gms. C. S. M. 
508 309 5 gms. D. B. 
310 5 gms. D. B. 
311 5 gms. C. S. M. 
312 5 gms. C. S. M. 
I Ammonia 1,·Average mgs, N .. mgs. N 
208.70 
204.51 206.60 
159.49 
154.95 157.22 
204.86 
209.74 207.30 
158.44 
163.68 161.06 
235.92 
234.52 235.22 
174.50 
170.66 172.58 
It is probable here, therefore, that the differences would have 
appeared much greater harl the moisture conditions been more 
nearly uniform. 
Possibly, a'S was suggested in the quantitative rleterminations, 
the effect of the 1908 application of hydrate of lime to plot 
508 may still have been apparent but even the effect of that 
lime coulrl harrlly be expected to have been great enough to 
account for the much higher ammonifying power of the soil, 
anrl this should be attributed largely to the application of lime-
stone. 
July 6, in the case of the dried blood, the difference between 
the check soil and that receiving the two tons of lime was very 
slight, 206.60 mgs. N. and 207.30 mgs. N. being founrl, but with 
the cottonseed meal a greater rlifference was found, 157.22 mgs. 
N. and 161.06 mgs. N. being producerl. Large gains were again 
observerl with the three ton application, 235.22 mgs. N. and 
172.59 mgs. N. being producerl in the cases of the dried blood 
and the cottonseed meal respectively. ,These gains occurre<l 
notwithstanrling the lower moisture content of the treated 
soils. The rlifferences undoubterlly would have proved greater 
had the moisture conclitions been uniform. Furthermore, the 
moisture content of the soils was mU0h less than in June, but 
the ammonia produced in the tests under the same experimental 
conrlitions was greater. Evidently the rliminution in numbers 
which was noted to have begun here as the moisture decreased 
interfered in no way with the ammonifying power of the soil. 
Indeed, it is possible to attribute the increased ammonifying 
power of the soil to the restriction in the growth of certain in-
imical species, occasioned by decreased moisture content. It is 
evirlent, however, that here also the three tons of lime increased 
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the ammonifying power of the soil to a proportionately greater 
extent than the two ton application. 
September 14, following the drought of August and subse-
quent rains, we find much smaller amounts of ammonia pro-
auced unner the same expel'imental conditions, so that the 
ammonifying power of the soil was evidently lessened by the 
continued dry weather during August ann had not yet been 
recoveren, although better moisture conditions han been re-
established, the content at this date being practically the same 
in all the plots. 
The differences due to the applications of lime, however, 
stann out very prominently. In the case of the drien blood, 
] 28.06 mgs. N., 144.51 mgs. N., and 155.59 mgs. N. were pro-
nuced from the samples from plots 510, 509, and 508 respec-
tively. With the cottonseed meal 126.22 mgs. N., 141.15 mgs. N., 
and 151.22 mgs. N. were formen from the samples from the 
three plots. At this sampling the three ton application of 
lime gave proportionately greater gains in ammonifying power 
than the two ton amount. The moisture conditions here were 
very uniform ann the differences which appeared rin ammonify-
TABLE V. 
AMMONIFICATION EXPERIMENTS. (III) SEPT. 14. 
Plot No. I Lab. No. I Addition 
510 601 5 gms. D. B. 128.90 
602 5 gms. D. B. 127.23 128.06 
603 5 gms. C. S. M. 125.55 
604 5 gms. C. S. M. 126.89 126.22 
509 605 5 gms. D. B. 144.01 
606 5 gms. D. B. 145.02 144.51 
607 5 gms. C. S. M. 142.33 
608 5 gms. C. S. M. 139.98 141.15 
508 609 5 gms. D. B. 155.42 
610 
I 
5 gms. D. B. 155.76 155.59 
611 5 gms. C. S. M. 151.73 
612 5 gms. ,C. S. M. 150.72 151.22 
ing power may be attributed practically entirely to the lime 
treatment. 
October 24, the amounts of ammonia formed were less than 
at the precening date ann the moisture had been decreasen 
slightly. As was mentioned in the case of the quantitative 
determinations, probably the lowel'ing of the temperature here 
began to affect the bacteria ann the numbers of organisms in the 
soil and its ammonifying power was as at the same time some-
what reduced. The differences nue to treatment were less than 
at the preceding date but still quite pronouncen. With the 
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dried blooci, 129.78 mgs. N., 140.08 mgs. N. , and 149.32 mgs. N. 
were founrl, while with the cottonseed meal 124.32 mgs. N. , 
130.28 mgs. N. , and 137.90 mgs. N. were prorluced. Here again 
the three ton application gave better proportionate results than 
the two ton quantity but the latter amount gave a sufficient 
increase to be of consirlerable importance. 
TABLE VI. 
AMMONIFICATION EXPERIMENTS. (IV) OCT. 24. 
Plot No. I Lab. No. I Addition 
510 741 5 gms. D. B. 
742 5 gms. D. B. 
743 5 gms. C. S. M. 
744 5 gms. C. S. M. 
509 745 5 gms. D. B. 
746 5 gms. D. B. 
747 5 gms. C. S. M. 
748 5 gms. C. S. M. 
508 749 5 gms. D. B. 
750 5 gms. D. B. 
751 5 gms. C. S. M. 
752 5 gms. C. S. M. 
I Ammonia I mgs. N 
130.78 
128.79 
125.81 
122.83 
141.04 
139.06 
128.13 
132.44 
148.99 
149.65 
136.41 
139.39 
Average 
mgs. N 
129.78 
124.32 
140.05 
130.28 
149.32 
137.90 
LIMESTONE INCREASES AMMONIFYING POWER. 
Considering the r esults of these tests as a whole, we find that 
the applications of limestone increased the ammonifying power 
of the soils, the lar ger amount giV'ing a proportionately greater 
increase. Following the drought which decreaserl the total num-
bers of organisms in the soils, and rlecreased also their normal 
ammonifying power considerably, this power decreased much 
less in the treated soils than in the check soil. Eviaently, while 
the effect of the -drought was felt by some of the ammonifying 
species, those whose activities were enhancea by the lime were 
less affected. 'l'his again corresponds to a suggestion which 
was made in the quantitative determinations, that the lime 
caused an increase in those bacterial species in the soil which 
were more resistant to rlrying than most soil organisms. 
Comparing the results of the determinations with aried bloorl 
ana with cottonseerl meal we note that at the first samplingwhile 
smaller amounts of ammonia were formerl from the cottonseerl 
meal than from the drierl blood, the differences due to the lime 
treatment were very similar. At the second sampling the am-
monification of the two materials di(l not run so nearly parallel 
anrl at the third sampling, while the ammonifying power of th (~ 
soil as testerl by the dried blood was apparently greatly re-
ducerl (the differences due to the treatment remaining very 
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considerable) the nepression in the ammonifying power when 
tested by the cottonseed meal was not nearly so great, the 
effects of the lime becoming greater than before. At the fourth 
sampling, practically the same ammonifying power of the 
check soil was evinenced as at the third nate but that of the 
treated soils was less, the relations between the results when 
dried bloon and cottonseed meal were usen, remaining about as 
they were at the previous date. 
These results suggest that the ammonification of dried blood 
and of cottonseen meal does not always run parallel. 
In the previous work of the writer, already mentionen, when 
the moisture and temperature connitions were uniform, such 
seemed to be the case but in this experiment the opposite con-
clusion is reached, ann it is a natural inference therefore that 
different species or combinations of species may be concerned 
in the ammonifcation of the two materials. 
In the case of the dried blood, the nry weather seemed to 
nepress the activity of a group or groups of organisms which 
play a prominent part in its ammonification while with the 
cottonseed meal, although a nepression occurred, the species 
affecten were either less prominent ammonifiers or else the 
depression occurred in species which orninarily restrict the 
ammonification of cottonseed meal, causing its less rapin trans-
formation than that of dried bloon. 
Without being able from the present experiments to answer 
all the questions suggested by this discussion, it may be said 
that the results check the previous greenhouse work remark-
ably well, the beneficial effect of lime on the ammonifying 
power of the soil being well shown. 
CONCLUSIONS OF AMMONIFICATION TESTS. 
The conclusions from these experiments are therefore: 
1. Applications of limestone up to three tons per acre in-
creasen the ammonifying power of the soil (as deter-
minen by the beaker method). 
2. Continuen nrought reduced the ammonifying power of 
the soil. 
3. 'I'he ammonification of dried bloon and of cottonseed 
meal did not run parallel in tests of field soils subjected 
to continuen drought. 
4. Three tons of lime increasen the ammonifying power of 
the soil proportionately more than two tons. 
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,THE NITRIFICATION EXPERIMENTS. 
The nitrification experiments were carried out by the 
beaker method as outlinen in the nescription of the ammonifi-
cation experiments except that here 100 mgs. of (NH4)2 S04 and 
200 mgs. of drien blood were employed and the incubation 
period was four weeks, the moisture conditions being main-
tained at the optimum by making the samples up to weight with 
sterile water every 7-10 days. At the enn of the incubation 
perion, the soils were leached ann the nitrates netermined in 
aliquots by the phenolsulfonic acid method. 
The results of the work may be found in Tables VII, VIII, 
IX, and X ann in the discussion only the average results of the 
nitrification of the ammonium sulfate and of the dried bloo(l 
will be considered. 
TABLE VII. 
NITRIFICATION EXPERIMENTS. (I) JUNE 21. 
Increase 
Plot Lab. Addition Nitrate Average over 
No. No. mgs. N mgs. N Untreated 
Portions 
-
510 13 100 mgs. (NH.) ,SO. 15.000 
14 100 mgs. (NH.),SO. 14.877 14.938 8.737 
15 200 mgs. D. B. 19.992 
16 200 mgs. D. B. 19.900 19.946 13.745 
509 17 100 mgs. (NH.) ,SO. 16.822 
18 100 mgs. (NH.),SO. 16.675 16.748 10.547 
19 200 mgs. D. B. 22.220 
20 200 mgs. D. B. 21.871 22.045 15.844 
508 21 100 mgs. (NH.),SO. 20819 
22 100 mgs. (NH.) ,SO. 21.228 21.023 14.822 
23 200 mgs. D. B. 28.224 
24 200 mgs. D. B. 28.000 28.112 21.911 
A Nothing 6.477 
B Nothing 5.926 6.201 
June 21, the effects of the lime were alreany noticeable, 8.737 
mgs. N., ]0.547 mgs. N., ann 14.822 mgs. N. being formed in the 
samples from the three soils, when the ammonium sulfate was 
usen, and , 13.745 mgs. N., 15.844 mgs. N. , and 21.911 mgs. N. 
being produced where the nried bloon was employed. The 
three ton amount of lime showed proportionately greater effect 
than the two tons but again we must recall the 1908 applica-
tions of lime and modify our conclusions somewhat. 
It should be noted, however, that this increase in nitrifying 
power occurred notwithstanning the decreasing moisture con-
tent of the three plots, from 510 at 20.00 per cent through 509 
at 19.00 per cent, to 508 at 17.00 per cent. 
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TABLE VIII. 
NITRIFICATION EXPERIMENTS. (II) JULY 6. 
Increase 
over 
Plot Lab. Addition Nitrate Average Untreated 
No. No. mgs. N mgs. N Portions 
mgs. N 
510 313 100 mgs. (NH,),SO, 28.263 
314 100 mgs. (NH,),SO, 28.889 28.576 24.987 
315 200 mgs. D. B. 30.009 
316 200 mgs. D. B. 31.282 30.645 27.056 
509 317 100 mgs. (NH,),SO. 29.129 
318 j 00 mgs. (NH.),SO. 29.000 29.064 25 .475 
319 200 mgs. D. B. 37.333 
320 200 mgs. D. B. 37.559 37.446 33.857 
508 321 100 mgs. (NH.) ,SO. 32.879 
322 100 mgs. (NH,) ,SO, 32.368 32.623 29.034 
323 200 mgs. D. B. 43.127 
I 
324 200 mgs. D. B. 43.423 43.275 39.686 
A Nothing 3.281 
B Nothing 3.898 3.589 
Much greater effects of the lime are evidencecl here in the 
nitrifying power of the soils than were shown either on the 
numbers of organisms, or on the ammonifying power of the 
soils. Possibly here, the immediate effect of the lime was to 
supply a lack of that material for uniting with the nitrous ann 
nitric acids forms in the nitrification process, ann consequently 
increased :o..itrifying power of the soils was quickly manifested. 
July 6, notwithstanding much lower moisture conditions, the 
nitrifying power of the soils had all increasen. With the am-
monium sulfate, 24.987 mgs. N. , 25.475 mgs. N., and 29.034 mgs. 
N. were formed, ann with the drien blood 27.056 mgs. N., 33.857 
mgs. N., and 39.686 mgs. N. were produced. 'l'he effects of the 
lime were apparent here, the three tons giving larger increases 
than the smaller amounts but the proportionate gains were less 
than at the preceding date. 'l'he differences in the moisture 
content of the soils were greater, however, 15.001>er cent, 12.50 
per cent, and 11.00 per cent being the amounts recorden, and 
this fact would undoubtenly r educe the increases nue to the 
lime. It is probable that the increased nitrifying power of the 
soils shown at this nate was nue to the reduction in numbers of 
certain species inimical to the nitrification process, which re-
duction was brought about by the necrease in moisture. 
September 14, the nitrifying power of the soils had decreasen 
considerably; with the ammonium slufate 14.299 mgs. N., 20.146 
mgs. N., and 24.061 mgs. N. were formen, and with the nried 
blood, 20.579 mgs. N., 23.247 mgs. N., and 29.376 mgs. N. were 
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TABLE IX. 
NITRIFICATION EXPERIMENTS. (III) SEPT. 14. 
Increase 
. over 
Plot Lab. Addition Nitrate Average Untreated 
No. No. mgs. N mgs. N Portions 
mgs. N 
510 613 100 mgs. (NH,),SO, 19.969 
614 100 mgs. (NH.),SO. 20.326 20.147 14.298 
615 200 mgs. D. B. 25.568 
616 200 mgs. D. B. 26.289 26.428 20.579 
509 617 100 mgs. (NH,),SO. 26.117 
618 100 mgs. (NH,),SO, 25.873 25.995 20.146 
619 200 mgs. D. B. 29.000 
620 200 mgs. D. B. 29.192 29.096 23.247 
508 621 100 mgs. (NH,),SO, 30.000 
622 100 mgs. (NH,),SO, 29.821 29.910 24.061 
623 200 mgs. D. B. 35.123 
624 200 mgs. D. B. 35.327 35.225 29.376 
A Nothing 5.698 
B Nothing 6.000 5.849 
producerl. 'fhe effects of the rlrought during July and August 
was evirlently still being felt by the nitrifying bacteria and the 
soils had not yet recovered their original nitrifying power. The 
nitrifying bacteria were evidently affecterl by the continued 
rlrought and during the period between the July and September 
TABLE X. 
NITRIFICATION EXPERIMENTS. (IV) OCT. 24. 
Increase 
over 
Plot Lab. Addition Nitrate Average Untreated 
No. No. mgs. N mgs. N Portions 
mgs. N 
510 753 100 mgs. (NH,),SO, 11.893 
754 100 mgs. (NH,),SO, 11.910 11.9"0'1 8.762 
755 200 mgs. D. B. 17.522 
756 200 mgs. D. B. 17.896 17.709 14.570 
509 757 100 mgs. (NH,),SO, 14.625 
758 100 mgs. (NH.),SO. 15.139 14.882 11.743 
759 200 mgs. D. B. 21.488 
760 200 mgs. D. B. 21.658 21.573 18.434 
508 761 100 mgs. (NH,),SO. 20.860 
762 100 mgs. (NH,),SO, 21.198 21.029 17.890 
763 200 mgs. D. B. 25.933 
764 200 mgs. D. B. 26.238 26.085 22.946 
A Nothing 4.296 
B Nothing 3.982 3.139 
206 
samplings the nitrifying power of the soil probably was very 
much smaller than that recorded in September. At this date, 
the three ton application increased the nitrifying power of the 
soil proportionately more than the two tori amount. The mois-
ture content of the soils at this date was nearly uniform and the 
differences observed are therefore attributed to the lime treat-
ment. 
October 24, still less amounts of nitrates were found a1though 
the moisture content of the soils had decreased very little from 
the previous date. With the ammonium sulfate, 8.762 mgs. N., 
11.743 mgs. N., and 17.890 mgs. N. were formed, and with the 
dried blood 14.570 mgs. N., 18.434 mgs. N., and 22.946 mgs. N. 
were produced. The differences here due to the lime treatment 
appear much greater than at the previous date, the three ton 
application giving greater proportionate gains than the two 
tons. Possibly here the lowered temperatures decreased the 
nitrifying power of all the soils, the differences due to the lime 
treatment appearing more clearly as a result. These greater 
differences appeared notwithstanding also the fact that the 
moisture content of the limed soils was less than that of the 
check soil. 
CONCLUSIONS OF NITRIFICATION TESTS. 
The conclusions from these experiments as a whole are there-
fore that: 
1. Applications of limestone up to three tons per acre in-
creased the nitrifying power of the soil (as tested by the 
beaker method). 
2. Continued drought reduced the nitrifying power of the 
soil but there was less reduction in the limed soils than 
in the check. 
3. Three tons of lime increased the nitrifying power of the 
soil proportionately more than two tons. 
TABLE XI. 
NITROGEN FIXATION EXPERIMENTS. (I) JUNE 21. 
Present Present Nitrogen Average 
Plot No. Lab. No. at at Fixed Nitrogen Beginning End mgs. N Fixed 
mgs. N mgs. N mgs. N 
510 25 275.28 278.42 3.14 
I 26 275.28 283.19 7.19 5.52 509 27 275.28 289.56 14.28 
I 
28 275.28 291.15 15.87 15.07 
508 29 275.28 302.29 27.01 
30 275.28 300.69 25.41 26.21 
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TABLE XII. 
NITROGEN FIXATION EXPERIMENTS. (II) JULY 6 . 
. Present Present Nitrogen Average 
Plot No. Lab. No. at at Fixecl Nitrogen Beginning End 
mgs. N Fixed mgs. N mgs. N mgs. N 
510 
I 
325 275.28 276.83 
I 
1.55 
I 
326 275.28 278.42 3.14 2.34 
509 327 275.28 292.74 17.46 
I 
328 275.28 291.15 
I 
15.87 
I 
16.66 
508 329 275.28 303.88 28.60 
330 275.28 307.06 31.78 30.19 
THE NITROGEN FIXATION EXPERIMENTS. 
In the nitrogen fixation experiments the beaker method was 
employed, one gram of mannite being annen to facilitate the 
fixation of nitrogen and .. the inoculations were performed as 
nescribed unner ammonification. The incubation period was 
ten days and at the end of that time the samples were ground 
and analyzed in nuplicate by the regular Kjelclahl methon and 
the results which are given are the averages of the duplicate 
determinations. 
The results of the experiments may be found in Tables XI, 
XII, XIII, ann XIV. 
June 21, the effects of the lime were . already apparent ann 
5.52 mgs. N., 15.07 mgs. N., and 26.21 mgs. N. were fixed, the 
soil receiving the two ton application of lime showing a power 
three times as great, and that receiving the three ton amount, 
a power about five times as great as the check soil; this in-
creased nitrogen fixing power occurring coincident with smaller 
moisture content in the limen soils. 
TABLE XIII. 
NITROGEN FIXATION EXPERIMENTS. (III) SEPT. 14. 
Present Present Nitrogen Average 
Plot No. Lab. No. at at Fixed Nitrogen Beginning End 
mgs. N Fixed mgs. N mgs. N mgs. N 
I 
510 625 275.28 284.78 9.50 11.89 
626 275.28 289.56 14.28 
509 627 275.28 299.10 23.82 25.41 
628 275.28 302.29 27.01 
508 629 275.28 315.Q1 39.73 38.93 
630 275.28 313.42 38.14 
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July 6, a smaller nitrogen fixing power was noted in the 
check soil, but the limecl soils showed greater power, 2.34 mgs. 
N., 16.66 mgs. N., and 30.19 mgs. N. being the amounts fixed. 
Evidently here the decrease in moisture reclucecl the nitrogen 
fixing power of the check soils, but the fixing power of the 
limed soils continued to increase notwithstanding less favorable 
moisture conditions. 
,september 14, the nitrogen fixing power of all the soils was 
greater, 11.89 mgs. N., 25.41 mgs. N., and 38.93 mgs. N. being 
fixed. The clrought which occurrecl between this and the pre-
vious clate of sampling and which undoubteclly clecreased the 
fixing power of the soils, had evidently been followed by a 
much quicker recovery of this power than was the case with 
the ammonifying and nitrifying powers, and the possibility 
presents itself that the drought so altered conclitions in the 
soils that they were more favorable for the nitrogen fixing 
species than previously. 
TABLE XIV. 
NITROGEN FIXATION EXPERIMENTS. (IV) OCT. 24. 
Present Present Nitrogen Average 
Plot No. Lab. No. at at Fixed Nitrogen Beginning End Fixed 
mgs. N mgs. N mgs. N mgs. N 
510 765 275.28 283.19 7.91 
766 275.28 289.56 14.28 11 .09 
509 767 275.28 30069 25.41 
768 275.28 303.88 28.60 27.00 
508 769 275.28 311.83 36.55 
770 275.28 313.42 38.14 37.34 
October 24, practically iclentical nitrogen fixing powers of 
the soils were observed: 11.09 mgs. N., 27 .00 mgs. N., and 37.34 
mgs. N. being founcl. These gains in nitrogen fixing power at 
this clate occurred notwithstanding the lower moisture content 
in the limecl soils, and are just as great as the gains at the 
previous date when the moisture conditions were practically 
uniform. 
No depression in nitrogen fixing power corresponding to ob-
servecl depressions in ammonifying and nitrifying po, ers were 
founcl here and if the lower temperature to which these latter 
depressions were attributecl really accounts for them, then 
we must conclnde that the drop in temperature was insufficient 
to affect the nitrogen fixing power of the soils. 
One thing further shoulcl be noted in connection with all 
these results anrl that is that in every case the three ton appli-
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cation of lime gave proportionately greater increases in nitro-
gen fixing power than the two tons. 
The conclusions which may be drawn from these experiments 
are therefore: 
1. Applications of lime up to three tons per acre increased 
the nitrogen fixing power of the soil (as tested by the 
beaker method). 
2. Continued drought followed by wet weather led to in-
creased nitrogen fixing power. 
3. Three ton applications of lime gave proportionately 
greater gains in nitrogen fixing power than two ton 
amounts. 
THE CORN CROP. 
The results obtainen from the crops on the plots may be seen 
in Table XV. It was thought that the inclusion of the results 
on the plots in 1908 and 1909 woul(l prove of interest ann also 
serve to throw some light on the fignres obtained in 1911. 
TABLE XV. 
THE CROP YIELDS. 
Corn Oats Corn 
1908 1909 1911 
510 54.66 bu. 33.9 bu. 52.5 bu. 
509 58.66 bu. 51.9 bu. 55.0 bu: 
508 68.00 bu. 55.5 bu. 55.0 bu. 
It will be seen that the limestone applied in 1911 produced 
some effect on the corn. 52.5 bushels o.f grain per acre were 
obtainen on the check plot ann 55 bushels on each of the limed 
plots. Certain facts however should be noted in this connec-
tion which tend to explain the character of the results. Going 
back to 1908, it will be seen the 509 yielded 58.60 bushels of 
corn ann 508, 68.00 bushels of corn against 54.66 bushels on the 
check plot, ann it will be rememberen that that year 508 re-
ceived an application of hydrate of lime and 509 an applica-
tion of rock phosphate. 
In 1909 plots 509 and 508 gave greater yields of oats than 
510; 51.9 bushels and 55.5 bushels against 33.9 bushels. In 
1910 the cowpeas crop which was substituten for the clover 
crop which failen, was cut and removed and the weight was 
not taken so that we have no figures for that year. 
The differences in 1908 might be attributed to the lime aml 
phosphate application, but the large increases of 509 ann 508 
on the check in 1909 suggest that moisture connitions probably 
were an important factor that year. It will be recalled that 
plot 510 is lower than the others and consequently in 1909 
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which was a wet season, that plot was too wet for the optimum 
growth of the oats, and plots 508 and 509 gave much greater 
yields, being on higher ground. Now 1911 was a very dry 
season ann consequently it seems that the yield of corn was 
probably materially increased on the check plot which con-
tained more moisture than the other plots ann that the yiel<ls 
on 509 and 508 were not as great as they should have been. In 
other worns, it seems probable that the moisture connitions 
were of more importance during the season of 1911 than the 
application of lime-although an increase due to its addition 
was shown. Another point which should be mentioned in this 
connection is that the weight of the stover was not taken and 
possibly greater differences wouln have been observed in that 
than were founn in the grain. 
It is interesting to note that regarnless of moisture and 
climatic conditions which were very irregular and rather ex-
treme, increasen bacterial activities as innicated by the methods 
employed were accompanied by increased crop yields. 
The conclusions from these results are therefore: 
1. Notwithstanding extreme, irregular moisture ann cli-
matic conditions, applications of lime up to three tons 
per acre increasen the yield of corn. 
2. Increasen bacterial activities as indicated by the meth-
ods employed were accompanien by increasen crop pro-
duction. 
